I. Introduction
===============

There are approximately 28 million cancer survivors living with cancer worldwide \[[@B1]\]. The number of cancer survivors will increase steadily in the coming years as the average age of the world\'s population increases. A cancer survivor is defined as anyone who has been diagnosed, is living with, or has recovered from cancer, and family members who are affected by a diagnosis of cancer \[[@B2]\].

There is a growing need to improve the physical, social, psychological, and spiritual well-being of cancer survivors during the course of deciding treatment options, enduring treatments, and surviving the disease \[[@B2],[@B3]\]. The data elements required to assess the physical, social, psychological, and spiritual well-being of cancer survivors need to be continuously tracked and integrated into the cancer survivor\'s follow-up care, even years after becoming cancer free \[[@B4],[@B5]\].

The sharing of cancer-related information among healthcare professionals is key to the quality of long-term cancer care for cancer survivors \[[@B5]\]. The cancer-related information can only be shared if they are represented in a way that all healthcare professionals can understand \[[@B6]\]. The ability to exchange clinical data between different computer systems and maintain data consistently in a longitudinal electronic recording system is also important for ensuring the quality of long-term cancer care \[[@B5]\]. The ability of all healthcare professionals and multiple systems to understand the clinical data is known as semantic interoperability. One way to ensure semantic interoperability is to model data by specifying the following \[[@B7]\]:

What are the key data elements?What are the critical attributes?What is possible value set for each attribute?Are the attributes optional or mandatory?What other rules need to be expressed?

Ongoing research on data modeling has been underway in various countries including Australia, the Netherlands, USA, and Korea, and through international standard development organizations such as health level seven (HL7). The names for these models include the openEHR archetype in Australia \[[@B8]\], the detailed clinical model in the netherlands, HL7 \[[@B9]\], clinical element models in the USA, the intermountain healthcare \[[@B10]\], and the clinical contents model in Korea \[[@B11]\]. However, these works have been limited to the medical domain \[[@B8]-[@B11]\]. Although nurses and physicians sometimes handle the same situations, they often view these situations in different ways, and so data models for the medical domain cannot be used in the nursing domain. It has thus been emphasized over the past few years that the nursing profession should develop its own data models \[[@B7]\].

The benefits of data models are that they allow an accurate correspondence of clinical data in a consistent, safe, and meaningful way, and they can adapt to the changing information needs of different healthcare professions and institutions \[[@B12]\]. As an increasing number of people are affected by cancer, and various workforces participate in cancer management, a data model is needed to collect and share clinical data to enable improvements in the quality and efficiency of cancer care. The purpose of this study was thus to develop and validate data models for the nursing assessment of cancer survivors using concept analysis.

II. Methods
===========

The development of the data models was guided by a modification of the concept analysis developed by Walker and Avant \[[@B13]\], which was chosen because its process \[[@B14]-[@B16]\] is well suited for the development of data models ([Figure 1](#F1){ref-type="fig"}).

The concept analysis of Walker and Avant comprises the following steps \[[@B13]\]: 1) identifying the concept, 2) determining the purposes of the analysis, 3) defining the concept and its uses, 4) determining the critical attributes, 5) constructing the cases, 6) identifying the antecedents and consequences, and 7) defining the empirical referents. The concept analysis usually has a single purpose, such as the generation of a theoretical model or of a measurement instrument for a particular concept of interest. Thus, identifying a concept is followed by determining its purpose. However, for developing the data model, we determined the purpose of the analysis before we identified any data element, because we analyzed more than one data element with a particular purpose, such as exchanging and sharing clinical data in an electronic health record (EHR) system. Since we dealt with more than one data element, we defined multiple data elements in this study, and their uses in step 3. In step 4 we determined not only the critical attributes, but also the value sets, data types, and cardinalities of the critical attributes. In step 5 we constructed data models by connecting data elements with critical attributes, value sets, data types, and cardinalities. In step 6 we identified antecedents and consequences to provide further clarity of the data elements by internal validation. However, we did not express antecedents and consequences in the data models. Step 7, defining the empirical referents, was omitted in this study because the data models themselves were already measurable, having specified critical attributes with value sets, data types, and cardinalities.

1. Determining the Purposes of the Analysis
-------------------------------------------

The purpose of this analysis was to develop data models for the nursing assessment of cancer survivors that will enable the collection and sharing of clinical data among healthcare professionals and between healthcare institutions.

2. Identifying the Data Elements
--------------------------------

Data elements for the nursing assessment of cancer survivors were identified from clinical nursing statements used to describe sign and symptom, and nursing diagnosis in the electronic nursing records of cancer patients who were hospitalized or visited outpatient department in a tertiary hospital by extracting key concepts. For example, we extracted the key concept \"discomfort\" from the following statements: \"discomfort is present,\" \"decreased pharyngolarynx discomfort,\" \"complains of discomfort,\" and \"no discomfort after eating.\" In addition, we reviewed the medical or nursing dictionary, nursing literature such as textbooks, and nursing and medical articles on oncology, nursing terminology classifications such as international nursing diagnosis and the international classification for nursing practice (ICNP), and consulted nurse experts to supplement the data elements. The extracted data elements were classified into physical, psychological, and spiritual domains based on previous research \[[@B2]\].

3. Defining the Data Elements and Their Uses
--------------------------------------------

Data elements were defined to clarify what we mean when referring to text definitions of concepts in the ICNP, or formal definitions of concepts from the systematized nomenclature of medicine-clinical term. We also used medical and nursing dictionaries to obtain definitions of the data elements. We identified the uses of the data elements utilized in nursing practice by reviewing nursing forms, nursing statements, and the research published in nursing and medical articles.

4. Determining the Critical Attributes, Value Sets, and Cardinalities
---------------------------------------------------------------------

We determined the critical attributes of data elements, which are qualifiers or modifiers to represent data elements in more detail, by reviewing nursing statements, nursing forms, and the relevant literature. We then identified possible value sets for critical attributes by referring to nursing statements and the relevant literature. The cardinality of each attribute was determined. Nurse experts participated in determining the critical attributes, value sets, and cardinalities. Finally, the data type of each attribute was classified based on the HL7 data type list \[[@B17]\], such as \"Integer (INT),\" \"String (ST),\" \"Physical Quantity (PQ),\" and \"Ratios (RTO)\" \[[@B18]\].

5. Constructing Data Models
---------------------------

We constructed data models by linking each data element with critical attributes, value sets, data types, and cardinalities. We present each data model in table form.

6. Validation of Data Models
----------------------------

Two nursing terminology experts and nine nurse informaticists reviewed the process of data model development as well as the data model themselves, and they also reviewed the clarity of the data models by identifying antecedents and consequences. The two nursing terminology experts have been engaged in teaching and research related to the terminology for more than 10 years, and the nine nursing informatists have had more than 5 years of experience as clinical nurses, three of them in internal medicine units, three of them in surgical units, and three in oncology nursing units. Currently, four of them work as nurse informaticists at an EMR center in a tertiary hospital. Five of them have doctoral degree in nursing informatics and four have master\'s degrees in the same.

In addition, an expert panel of eleven clinicians comprising four oncology nurses, five nurse researchers, one clinical doctor, and one social worker verified the face validity of the data models. The members of the expert panel have worked in oncology for at least five years. Six of them have doctoral degrees and five have master\'s degrees. The questions used to check the face validity were developed based on the criteria published for evaluating the content and modeling structure of health terminology in previous studies, such as \"usefulness\" \[[@B19]\], \"reusability\" \[[@B19],[@B20]\], \"non-ambiguity\" \[[@B21]-[@B23]\], \"comprehensiveness\" \[[@B19],[@B21]-[@B23]\], \"non-redundancy\" \[[@B19],[@B21],[@B22]\], and clinical relevancy\" \[[@B19]\]. During this external validation, 11 items-questions on clinical relevancy, usefulness, reusability, non-ambiguity, comprehensiveness, and non-redundancy were asked, and the responses to which were scored on a 5-point Likert scale (from 1 = strongly agree to 5 = strongly disagree). We presented data distribution in a frequency.

III. Results
============

1. Identifying and Defining the Data Elements
---------------------------------------------

A total of clinical nursing statements of 98 patients whose care time ranged 2 days to 20 months since surgery were analyzed to extract data elements. The mean patients\' age was 51 years (± 5.5) and fifty three patients (54.1%) were male. Fifty four patients (55.1%) were GI cancer (i.e., stomach, colon), twenty nine (29.6%) were breast cancer, ten (10.2%) were gynecological cancer, and five (5.1%) were other types of cancer (i.e., lung, liver). In total, 112 data elements were identified. Forty-four data elements (39.3%) were extracted by extracting key concepts from clinical nursing statement. Sixty four data elements (57.1%) were identified from literature review, and four data elements (3.6%) were identified from the experts\' evaluation. [Table 1](#T1){ref-type="table"} presents the final data elements that we identified for the nursing assessment of cancer survivors. Sixty data elements were classified as physical domains, 37 as psychological domains, 10 as cognitive domains, 4 as social domains, and 4 as spiritual domains. Posttraumatic growth and adaptation cannot be classified as one domain because it has multiple characteristics with psychological, social, cognitive, and spiritual aspects. Data elements were also classified into three groups based on the direction of judgment (i.e., positive, negative, or neutral) ([Table 2](#T2){ref-type="table"}).

2. Defining Critical Attributes, Value Sets, Cardinalities, and Data Types
--------------------------------------------------------------------------

[Table 3](#T3){ref-type="table"} lists the critical attributes that we identified to express the data elements, and the frequency of these critical attributes used therein. In total, 29 critical attributes were identified. Occurrence, progression, duration, severity, and frequency appeared in more than 60% of the data elements, while interpretation, onset, and anatomical site appeared in about 20%. Example value sets of these attributes are presented in [Table 4](#T4){ref-type="table"}. In total, 102 value sets were identified. In the model development process, we identified two data elements that are used interchangeably in nursing practice with different critical attributes or value sets. Examples are \"discharge\" and \"drainage,\" and \"weight loss\" and \"emaciation.\" The data element \"drainage\" has the critical attribute \"device\" with a value such as \"Hemovac\" or \"rubber.\" However, the data element \"discharge\" does not have a critical attribute \"device.\" \"Weight loss\" and \"emaciation\" differ with regard to the critical attribute \"severity\". The data element \"emaciation\" does not require the critical attribute \"severity\" because it means excessive leanness. This shows that data modeling improves the accuracy of nurses\' documentation of data.

The cardinalities of the attributes, that is whether the attribute was optional or mandatory, were defined. The data type of each attribute was classified based on the HL7 data type list \[[@B17]\]. For example, the data type of precise numbers that are the result of counting and enumerating (e.g., -1, 0, and 3398129) is \"integer number\", and that of \"quantities,\" which are measured, or computed from other real numbers (e.g., 56.3 and 165.5), is \"real number,\" that of coding as order form (i.e., 0 = rarely, 1 = sometimes, 2 = often, and 3 = always) is \"coded ordinal,\" that of coding as text form (i.e., localized and generalized) is \"coded text,\" that of recording freely as text form is \"text\", and that of date and time (i.e., yyyymmddhhmm) is \"date & time.\"

3. Constructing Data Models
---------------------------

Using the 112 data elements, 29 critical attributes, 102 value sets, and 6 data types, we developed 112 data models. [Table 5](#T5){ref-type="table"} presents a representative example of a data model for pain. The critical attributes of pain had the following value sets:

Severity - absent, tolerable, mild, moderate, and severe, or from 0 (no pain) to 10 (very severe pain) on a visual analog scale.Progression - acute and chronic.Duration - seconds, minutes, and hours (over which the pain persists).Frequency - very rarely, sometimes, often, and always.Onset - gradual, sudden, and intermittent.Time sequence - intermittent, continuous, and waxing and waning.Regularity - regular and irregular.Occurrence - yyyymmddhhmm.Anatomical site - free text.Characteristic - prick, ache, burn, throb, dull, and sharp.Radiation - yes and no.

The data type of severity and frequency is \"coded ordinal,\" that of progression, onset, time sequence, regularity, characteristic, and radiation is \"coded text,\" that of occurrence is \"date & time\", and that of anatomical site is \"text.\" Cardinality determined \"severity\" as mandatory ([Table 5](#T5){ref-type="table"}).

We grouped together data models with the same critical attributes. 57 groups of data models in accordance with combinations of attributes were made; for example, distress, sadness, and loneliness belong to the same group. Data models for these data elements have the same critical attributes, duration, frequency, occurrence, progression, and severity ([Table 6](#T6){ref-type="table"}).

4. Validation of Data Models
----------------------------

Some domain experts suggested that several cardinalities of the data models be revised. One of the domain experts indicated the value set of \"absent, tolerable, mild, moderate and severe\" of \'severity\' critical attribute in the data element of pain gave a limited illustration. In the clinical practice, most pain is assessed using a 0-10 scale which should allow a more detailed analysis. Based on this, the value set of 0-10 visual analogue scale was added as one of value sets of severity critical attributes of pain model.

Expert panel of clinicians suggested developing new data models of body image, posttraumatic growth, insight, and knowledge. More than 80% of expert panel of clinicians rated the 112 data models using a response of \"strongly agree\" or \"agree\" to the questions of \"usefulness,\" \"reusability,\" \"nonambiguity,\" \"comprehensiveness,\" and \"nonredundancy.\" For \"clinical relevancy\", 70.1% responded \"strongly agree\" or \"agree\" to the question \"Is the data element clinically meaningful?\" ([Table 7](#T7){ref-type="table"}).

IV. Discussion
==============

Healthcare professionals of various types in a variety of hospitals need to follow up cancer patients to monitor or prevent recurrences or secondary cancer even after successful treatment of the primary cancer. The ability to share cancerrelated information among many healthcare professionals and different hospitals is a prerequisite for maintaining the quality of cancer care. In order to share and exchange clinical data, it should be semantically interoperable. One way of ensuring semantic interoperability is to develop data models of the clinical data.

Concepts should be analyzed to develop data models. In the area of oncology nursing, concept analyses have been limited to specific concepts such as \"cancer symptom cluster\" \[[@B24]\], \"symptom experience\" \[[@B25]\], \"cancer survivorship\" \[[@B26]\], \"psychological distress\" \[[@B27]\], \"suffering\" \[[@B28]\], and \"symptom disclosure\" \[[@B29]\]. Common signs and symptoms of cancer survivors, and survivorship issues related to nursing assessment have not been analyzed to date. From this background, we developed 112 data models for the nursing assessment of cancer survivors using concept analysis by analyzing nursing documentations, reviewing the literature, and consulting nurse experts.

We extracted data elements describing physical problems from nursing documents and describing psychological and social problems from a literature review of articles, which are usually overlooked on nursing practice \[[@B30]\]. Similarly, we extracted data elements describing positive judgments (i.e., spiritual interests and posttraumatic growth) from the literature review and as a result of the suggestions of our external domain experts. Using a data model describing positive spiritual or psychological changes makes it possible for nurses to document positive outcomes in nursing practice.

The data models developed in this study have cancer-specific attributes. For example, fatigue in a healthy population can be described as \"acute fatigue,\" which can be relieved by sleep and rest. However, cancer-related fatigue can only be chronic because it is present over a long period of time and cannot be not completely relieved by sleep and rest \[[@B1]\]. Thus, the data model for fatigue in healthy people has an attribute \"progression\" to describe acute and chronic fatigue; however, the equivalent model for cancer-related fatigue does not need the attribute \"progression\" because cancer-related fatigue is always chronic \[[@B1]\].

The data models, data types and cardinalities of the critical attributes developed in the present study were found to be valid. Even though we developed questions to check the face validity of the models based on earlier studies \[[@B19]-[@B23]\], the reliability and validity of the questionnaires were not evaluated vigorously. Thus, we would like to suggest a further study to evaluate the reliability and validity of the questions used to test face validity. Although we evaluated the applicability of the model indirectly by having nurses with clinical experience in oncology evaluate the model, we suggest a further study to test the direct applicability of the model to oncology nursing practice.

Nursing statements used in the current electronic nursing record (ENR) system in Korea comprise simple phrases that describe the judgment on a key data element (e.g., pulse deficit and severe numbness). However, using a data model with critical attributes, value sets, data types, and cardinalities for the ENR allows the key data elements to be documented in more detail and consistently. This will improve the quality of nursing records and, in turn, make the nursing record reusable for research and future practice.

In this study, we were able to develop data models by connecting data elements, critical attributes, and value sets and specifying the data types and cardinalities of the critical attributes. Data models can be used in ENR or EHR systems. The outcomes of this study will contribute to standardized nursing assessment for cancer survivors and improve use of data in clinical practice and research.
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The grouping of data elements of nursing assessment for cancer survivors based on the direction of meaning judgment of data elements
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The critical attributes that we identified to express the data elements, and the frequency of these critical attributes used therein
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Values are presented as number (%).
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Example value sets of the critical attributes
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A representative example of a data model for pain
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Groups of data models in accordance with combinations of critical attributes
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External validation: responses of domain experts.
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Values are presented as number (%).

^a^This question was asked to 11 external domain experts about 112 data models. Except for this case, total answer is 1,232.
